Understanding the composition of spider species and their distribution within riparian forests is the first step to increasing our knowledge on the dynamics of spider assemblages. This information may be helpful in planning environmental monitoring, and ultimately improving the conservation of these forest formations. Data on the spider fauna of the native areas of southern Brazil have increased through simple species lists and ecological studies (indrUsiak & kotzian 1998 , Bonaldo & ott 2002 , rodrigUes 2005 , silva & araújo 2005 , ott et al. 2006 , Bonaldo et al. 2007 , Podgaiski et al. 2007 , Baldissera et al. 2008 , rodrigUes & mendonça, 2012 , rodrigUes et al. 2014 . However, there are still few studies comparing species composition among different ecosystems.
There are a number of factors determining the species composition of spider assemblages (Uetz 1991 , Foelix 1996 . For example, human impacts, which lead to edge effects in forests (mUrcia 1995) , and changes in abiotic factors (Baldissera et al. 2008 ) may force spiders to live in a more open environment where sun light, temperature, humidity and other factors are different than the conditions they are adapted to (rodrigUes et al. 2014) . Spiders are known to be strongly influenced by habitat structure (Uetz 1991 , gallér & scHwéger 2014 , including vegetation structure (wU & cHeng 2012 , rodrigUes et al. 2014 and microclimatic factors (samU et al. 1999) . In this work we compare the spider assemblages of three distinct microhabitats (edges: river edge and grassland edge; and forest interior) and four distinct drainage basins of a riparian forest of the state of Rio Grande do Sul, southern Brazil. We also give a list of the spider species found in these riparian forests.
MATERIAL AND METHODS
Sampling took place in four riparian forests on four distinct drainage basins in southern Brazil, state of Rio Grande do Sul (RS) (Fig. 1) . Detailed information on these basins can be found in rodrigUes & mendonça (2012) . Their main characteristics are: 1) Piratini River (PR), sampling site at the municipality of Arroio Grande (31°54'06.47"S, 52°39'08.29"W), 14 m a.s.l., good state of conservation, largest continuous native forest segment in the coastal plain region, climate TE UM "humid temperate" (malUF 2000); 2) Camaquã River (CR), sampling site at the municipality of Cristal (31°01'01.7"S, 51°56'42.0"W), 14 m a.s.l., good state of conservation, continuous forest at the centre-south part of the Coastal Plain region, climate STE UM "humid subtemperate" (malUF 2000); Sinos River (SR), sampling site at the municipality of Parobé (29°41'06.94"S, 50°51'05.98"W), 6-10 m a.s.l., fragmented forest in the Serra Geral slopes region, sampling site at the largest fragment available, climate ST SB "sub-humid subtropical" (malUF 2000); Maquiné River (MR), sampling site at the municipality of Maquiné (29°40'47.99"S, 50°11'20.03"W) , between the Serra Geral slopes and the Coastal Plain, belongs to Atlantic forest Biosphere Reserve recognized by UNESCO, climate is ST PU "perhumid subtropical" (malUF 2000) . summer, autumn and winter) at each of the four drainage basins, totaling 64 samples overall, thus covering distinct times of the year, differences in vegetation (e.g., plant phenology) and climatic variability (temperature, rainfall, river levels). To evaluate spider fauna diversity we used six transects (approximately 30 m each) per sampling site, straight 4 m-wide lines, parallel to the river. These were placed in different microhabitats at each forest site: two transects at the forest edge with the river (river edge, RE); two transects at the forest interior (FI) and the latter two at the forest edge with neighboring grasslands (grassland edge, GE). Transects at the same microhabitat were placed at least 500 m far from each other. Overall, 24 transects were thus established on all forest sites.
The method employed for spider capture was the beating tray (BT), which allows access to tall herbs, small and medium-sized shrubs, small trees and large tree branches, along with woody vines (coddington et al. 1996 (coddington et al. , indrUsiak & kotzian 1998 (coddington et al. , sørensen et al. 2002 . On each transect, spiders were sampled for 45 min with a 70 cm x 70 cm BT with white nylon fabric, totaling 288 h of sampling. Collecting was carried out by the first and second authors.
Spiders were kept in vials and preserved in ethanol 80%. The material was identified by the first author in the Laboratório de Aracnologia and the material was deposited in the spider collection of the Museu de Ciências Naturais, in the Fundação Zoobotânica do Rio Grande do Sul, Porto Alegre, Brazil (MCN/ FZB, curator: Ricardo Ott).
The species composition of the four distinct localities and the three microhabitats were compared with separate ANOSIM tests (clarke & warwick 1994) . The null hypotheses are that there are no differences in species composition in space in a larger scale, among drainage basins, and that there are no differences in space in a smaller scale, among microhabitats. Two tests were employed per factor, each with a different similarity index, one qualitative (Simpson) and one quantitative (Morisita). With the same composition matrix we plotted two ordinations (non-metric multidimensional scaling, NMDS), one for each of the previously mentioned indexes. For each ordination we also obtained stress values, measuring the relationship between real distances, obtained with dissimilarity indexes between samples, with distances used in the NMDS.
A SIMPER (Similarity percentage) analysis was employed to evaluate which species contributed more to the dissimilarity (Bray Curtis index) among basins and microhabitats (clarke & warwick 1994) . All analyses were implemented in PAST (Paleontological Statistics, Hammer & HarPer 2009).
RESULTS
Overall, 42,057 spiders were collected, representing 35 families. For the purpose of analysis, only adults were considered, since immature spiders are difficult to identity to species. However, immatures predominated in the inventory, representing 79% of all specimens captured. The total sample contained 8,851 adult spiders (21%), representing 29 families (Appendix 1), and females were more abundant (60.8%) than males (39.2%).
Family composition among basins and microhabitats
Only juvenile spiders represented the following families in our samples: Ctenidae, Hersiliidae, Idiopidae, Lycosidae, Pisauridae and Segestriidae. Among the families that were represented by adults, Theridiidae predominated (n = 4,363 individuals, 49.3% of the total), followed by Linyphiidae (1,646, 18.6%), Salticidae (742, 8.4%), Araneidae (533, 6.1%) and Thomisidae (265, 3%), which together comprised 85% of all spiders.
The riparian forest of the Maquiné River basin had the greatest number of families (25), followed by Camaquã and Sinos (21 families each), with the Piratini River scoring only 20 families. Five families were only found at the Maquiné River (Clubionidae, Hahniidae, Gnaphosidae, Scytodiidae and Synotaxidae) and one at the Piratini River (Dictynidae). Sixteen families were shared among distinct basins. Theridiidae was the most abundant family, with more than 50% of the sampled spiders in each basin, except for the Maquiné River basin, where Linyphiidae dominated.
The family composition of adults was very similar among microhabitats, with 25 families at each edge (river and grassland) and 24 families at the forest interior. Theridiidae was again the predominant family in all microhabitats, followed by Linyphiidae. The three microhabitats shared 22 families, with one exclusive family at each one (RE: Clubionidae, FI: Gnaphosidae, GE: Dictynidae, Appendix 1).
Species list and composition among basins and microhabitats
Overall there were 440 spider species/morphospecies, in 168 genera. A total of 232 named species were obtained, representing 53% of all adults. The other 47% of the specimens could not be identified. They were separated into morphospecies, and we believe that at least some of them might represent undescribed species (Appendix 1). Acragas nigromaculatus (Mello-Leitão, 1922) Buckup & Brescovit, 1993 (Gnaphosidae) were singletons. All other families had more than one individual and were registered at more than one basin (Appendix 1).
Of all species/morphospecies, 47 (10.68%) were shared among all basins, 64 (14.54%) were shared at least among three basins, 104 (23.64%) were shared between at least two basins, and most (225 species, 51.14%) were exclusive to a single basin. Riparian forests of the Piratini and Camaquã basins had the greatest number of shared species (34 species), the smallest being between Piratini and Maquiné (9). The greatest number of exclusive species was recorded at the Maquiné basin (82 species) and the fewest number of exclusives at Sinos basin (38); the forests at Piratini and Camaquã had nearly the same number of exclusive species (55 and 50, respectively).
The most abundant species was Sphecozone personata (Simon, 1894) (n = 1,222, 13.8% of the total), but it was almost exclusive to the Maquiné River basin, except for two individuals found at Sinos basin. The second most abundant species, Thymoites promatensis Lise & Silva, 2009 (n = 436, 4 .93%) was recorded in all rivers except Maquiné, and the third most abundant, Spintharus gracilis Keyserling, 1886 (n = 325, 3.67%) was sampled from all basins except Piratini (Appendix 1).
Among the spider species for which more than 100 individuals were collected (22 species), or which represented more than 1% of the total, nine were not found at all rivers. Some of those were sampled from only one or two of the basins (Appendix 1).
Among all microhabitats, 127 species (28.86% of the total) were shared, 129 (29.32%) were shared between at least two, and 184 species (41.82%) were exclusive to one microhabitat (Appendix 1). The greatest number of shared species was found between the edges (river edge and grassland edge: 63 species) and the greater number of exclusive species occurred at the edge of the grassland (75 species), followed by the river edge (56) and forest interior (53). Of the four most abundant species, equivalent to more than 25% of the total, all were predominant in the forest interior, each with almost 50% of all individuals recorded there. Thymoites promatensis was more dominant in the forest interior (>88%).
Araneofauna composition quantitative similarity and dissimilarity
The quantitative (Morisita, ANOSIM: R = 0.824, p < 0.0001) and qualitative indexes (Simpson, ANOSIM: R = 0.809, p = 0.001) in our results indicate that the spider fauna differ significantly among river basins. The SIMPER analysis reveals that Sphecozone personata contributed a much greater value (12.15) than the other species (Table 1) when it comes to quantitative differences among river basins. The first ten species, all contributing more than 1%, together contribute 38% of the total dissimilarity among rivers.
was not significantly distinct, neither according to quantitative (Morisita, ANOSIM: R = -0.078, p = 0.709, Fig. 4 ), nor qualitative indicators (Simpson, R = 0.008, p = 0.442, Fig. 5 ). The NMDS ordination had stress values close to the ones reported above: 0.127 for Morisita (Fig. 4) and 0.165 for Simpson (Fig. 5) .
In the SIMPER analysis for microhabitats (Table 2) , species contributing the most were the same as for the basins analysis (S. personata, T. promatensis, S. gracilis), with greater values at the forest interior. The ten species in Table 2 contributed more than 36% to the dissimilarity among microhabitats. At basins as well as in microhabitats, among these first ten species with the highest contribution, seven belong to Theridiidae. Results of the multivariate analysis (NMDS) revealed a proximity between the Piratini and Camaquã rivers, both in the qualitative (stress: 0,166) ( Fig. 2 ) and quantitative (stress: 0,126) ( Fig. 3) indexes, but a larger distance was revealed for the Maquiné River. The Sinos River is at the threshold between the Piratini-Camaquã and Maquiné rivers. With respect to the qualitative index, it is possible that the Maquiné River is more distinct due to the elevated number of adult spiders of the family Linyphiidae, since Theridiidae adults predominated at all other basins. In the qualitative index, the Maquiné River basin formed an isolated cluster, most likely due to the high number of exclusive species. At the different microhabitats, species composition
DISCUSSION
In the present study, immature spiders predominated. The percentage of juvenile spiders sampled in the tropics and subtropics is usually about 60-70% (silva 1996, sørensen et al. 2002) . The percentage we report here is close to that obtained by other authors using BT in southern ( The predominance for Theridiidae in our samples was expected, in view of the sampling method. Members of this family are usually among the most species rich and abundant spiders in the tree-shrub strata, in inventories in southern Brazil (rodrigUes 2005 , silva & araújo 2005 , ott et al. 2006 , Baldissera et al. 2008 ) and in riparian forests and similar areas (Bonaldo et al. 2007) . However, in a study comparing samples collected with BT at Turvo State Park (north-western portion of the state of Rio Grande do Sul (RS)), Salticidae predominated in an area of continuous forest, (Podgaiski et al. (2007) . All families recorded by previous studies in other ecosystems of RS, using the same sampling method we used, were also collected in riparian forests, with a few exceptions. Hersiliidae, recorded by indrUsiak & kot- as dominant. The family and species composition in our results are very different from theirs. This is possibly due to the fact that raizer et al. (2005) used nocturnal searching as a sampling method, which favors the capture of Araneidae spiders.The family composition of spiders represented by adults in our samples varied very little among microhabitats. Theridiidae predominated in all, followed by Linyphiidae. Both are found in the forest interior. Theridiids are known to occupy a variety of ecological niches (silva 1996, silva & coddington 1996) , which could possibly explain their wide distribution across microhabitats in our data. The frequency of individuals of some families was higher in the forest interior than in the forest edges (e.g., Anyphaenidae, Linyphiidae, Mimetidae, Pholcidae, Theridiosomatidae). The great presence of Theridiosomatidae there substantiates the results of coddington (1986), according to whom these spiders inhabit mainly dark and humid sites within forests. At the Maquiné River, the river edge has a much more closed forest with high vegetation density. gonçalves-soUza et al. (2007) also found more Theridiosomatidae in the forest interior than at the forest edges of the Atlantic forest of south-eastern Brazil, also recording Linyphiidae with many species exclusive to the forest interior.
Members of Salticidae showed no clear microhabitat preference in our samples. In contrast, in previous studies this family was collected more often at the edges of forests (gonçalves-soUza et al. 2007 (gonçalves-soUza et al. , oliveira-alves et al. 2005 . These spiders have great visual accuracy, and can use the light incidence at the forest edges to locate and capture prey (romero & vasconcellos-neto 2005) .
Two families represented in our samples have been infrequently collected as part of other inventories in the South. Mysmenidae was represented by T. cantareira. Synotaxidae, represented by S. longicaudatus, had only been recorded from Rio Gande do Sul before by silva & araújo (2005) having also been found in the Atlantic forest of south-eastern Brazil (gonçalves-soUza et al. 2007) .
Besides the high species richness recorded in the present study, and new records for Rio Grande do Sul and Brazil, new species and new records had been previously reported from the same data by rodrigUes & mendonça (2011) for Araneidae; rodrigUes & marqUes (2010) for Phoroncidia (Theridiidae), rodrigUes & ott (2010) for Psilocymbium (Linyphiidae) and rodrigUes & Brescovit (2015) for Thymoites (Theridiidae).
The composition of spider species differed among river basins. A number of factors such as geographical distance between basins, composition of the vegetation, climatic factors and biome may be plausible explanations for it. Piratini and Camaquã, which are very similar to each other, are within the Pampa biome. Given that the Maquiné River Basin is well within the Atlantic forest, it was expected that its fauna would differ from the other basins. The Atlantic forest is a peculiar biome, with high diversity levels and heterogeneous areas and habitats that reflect different physical environmental characteristics (conservation international et al. 2000 (conservation international et al. , taBarelli et al. 2005 .
Habitat heterogeneity could be responsible for the number of exclusive spider species at the Maquiné River basin. The Sinos River is at the limit between the Pampa and the Atlantic forest biomes. Even though the forest of the Sinos River is not continuous, our sampling site includes a fraction of the forest that is in good condition. These characteristics of the Sinos basin may explain the faunistic differences with respect to Maquiné.
Even though some species seemed to prefer one of the three forest microhabitats, and the slight tendency for edge microhabitats to share more species, the overall species composition did not significantly differ among them. In contrast, the results of oliveira-alves et al. (2005), which were obtained with the same collecting method as ours, indicated low similarity between the spider fauna of the forest interior and the edges of an Atlantic forest fragment in north-eastern Brazil. They suggested that the faunistic differences in spider assemblages were due to the differences in vegetation at the edges and forest interior. When different environments are compared, variations in species composition are usually stronger.
An alternative explanation to vegetation structure determining faunistic differences is that the basins rest on different phytogeographic regions, thus supporting different plant species/taxa. This would affect spiders more strongly, and in a different way, than vegetation structure per se (rodrigUes et al. 2014) . Spider assemblages can be notably dependent on regional aspects, and dissimilarities among basins might indicate an association between spiders and particular vegetation subtypes (raizer et al. 2005, rinaldi & trinca 2008) . A second possibility would be differences in the conservation status of the landscape of each basin, making it difficult to compare them. However, our data on vegetation density and complexity (not shown, partial results in rodrigUes & mendonça 2012) in these riparian forests of Rio Grande do Sul do not support that the sampled riparian forests are similar in structure and density.
We had already shown that vegetation structure does not affect spider functional diversity: guild abundance and distribution in these same riparian forests do not respond to standard measurements of vegetation structure and density (rodrigUes & mendonça 2012). Now we can make a stronger case for this argument, since in our results the three microhabitats do not differ in their spider assemblages.
The richness of the riparian forests and their distinct spider composition among river basins adds weight to the view that these forests are very diversified, and that they need more thorough scientific exploration. A better understanding the role of riparian forests as faunal corridors and their relationship with nearby continuous forests could help subsidize their conservation and consequently the persistence of their functions in maintaining biodiversity. Differences in spider composition in a large spatial scale probably reflect regional variations in a series of environmental factors, also leading to a high conservation value for the riparian forests of each drainage basin, each having a distinct spider fauna. 
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